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Influence of Spanwise Boundary Conditions 
on Slat Noise Simulations 
David P. Lockard,' Meelan M. Choudharil and Pieter G. Buningl 
NASA Langley Research Center, Hampton, VA 23681 USA 
The slat noise from the 30P/30N hlgh-1111 system is being investigated tbrongb computational Duld dynamics 
simulations with the OVERFLOW cOOe in CODjunction with a Ffowcs Williams-Hawkings acoustics solver. In 
the present study, two different spanwise grids are being used to investigate the effect of the spanwise extent and 
periodicity on the near-field unsteady structures and radiated noise. The baseline grid with periodic boondary 
conditions has a short span equal to 1J9th of the stowed chord, whereas the other, longer span grid adds stretched 
grids on both sides of the core, baseline grid to allow inviseld surface bolllld.sJ-y conditions at both ends. The 
results indicate that the near-field mean statistics obtained using the two grids are similar to each other, as are 
the directivity and spectral shapes of the radiated noise. However, periodicity forces all acoustic waves with less 
than one wavelength across the span to be two-dimensional, without any variation in the span. The spanwlse 
coherence of the acoustic waves is what is needed to make estimates of the noise that would be radiated from 
realistic spao lengths. Simulations with periodic conditions need spaos of at least sla slat chords to allow spaowise 
variation in the low-frequencies associated with the peak of broadband slat noise. Even then, the full influence 
of the periodicity is unclear, so employing grids with a line, central region aod higbly strelcbed meshes that go 
to slip walls may be a more efticlent means of capturing the spanwise decorrelation of low-frequency acoustic 
phenomena. 
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planar velocity mangitode 
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Superscript: 
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dimeosional quantity 
Subscript: 
oo dimensionless free-stream quantity 
0 dimensional reference quantity 
Operators: 
<> time average (e.g .• U =< u >) 
I. Introduction 
The non-propulsive (or airframe) sources of aircraft noise include high-lift devices (e.g., the leading-edge slat and 
trailing-edge llaps) and the aircraft undercarriage. The ranking of these sources is configuration dependent; however, 
both model-scsle tests'-7 and ftyover noise measurements' have identified the leading-edge slat as a prominent source 
of airframe noise during aircraft approach. The reduction of aircraft noise, including that of the airframe, is an important 
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goal of the NASA Advanced Air Transport Technology (AATT) Project, which is supporting a combined experimental 
and computational effort to better understand the sources associated with slat noise. 
The near-field fluctuations within the slat cove have been investigated esperimentally9 by using the 30P/30N model 
The 30P/30N model tested in the Basic Aerodynamic Research 1\mnel (BART) at NASA Langley Research Center 
represents a generic, three-element, zero-sweep high-lift configuration with slat and flap deflections of 30 degrees each. 
The slat chord and flap chord of the model are eqnal to 15% and 30%, respectively, of the 18" (0.457 m) stowed chord, 
c. For the approach configuration, the slat gap is 2.95%; the flap gap is 1.27%; and the slat and flap overhang settings 
are equal to -2.95% and 0.25% of the stowed chord, respectively. Reference 10 provides a definition of these rigging 
parameters. At the test Mach number of 0.17, the Reynolds nnmber based on the stowed chord of the BART mode~ Re0 , 
is 1.71 million. While this Reynolds number is substantially lower in comparison with full-scale applications, the BART 
experiment is still suitable for validating numerical predictions of slat cove flow features that may generate noise as 
described in Ref. 11. New experiments at florida State University12 and the Japanese Aerospace Exploration Agency13 
have recently been reported that include unsteady surface pressure measurements along streamwise and spanwise rows 
of sensors. 
All of these experiments as well as previous computational studies have found that the hydrodynamic features in the 
slat cove decorrelate rapidly, approximately within the length of the slat chord. Using CFD, the effect of the spanwise 
extent of the computational domain was investigated by Lockard and Choudhari 14 by increasing the span from c/18 
(37.03% of the slat chord c. or 1", as used in Ref. 11) to c/3 (222% of c. or 6'') while maintaining the same spanwise 
resolution. The simulations with the longer span indicated that the spanwise surface pressure correlations do not become 
smaller than 0.05 until around c/9 (74.06% of c. or 2"). However, the span wise correlation length of the acoustic signals, 
in regions where acoustic waves are easy to detect such as on the upper surface of the slat, was found to be on the order 
of a slat chord. Since multiple spanwise correlations must be included to directly compute the radiating noise, a much 
longer span than even c/3 would be needed. Nonetheless, the near-field unsteadiness that gives rise to the noise should 
be adequately modeled with a c/9 span. 
For computational efficiency, numerical simulations have typically employed a relatively short span length with pe-
riodic boundary conditions. An OVERFLOW calculation" of such a configuration suffered ftom an instability at the 
frequency corresponding to one acoustic wavelength across the spanwise dumain. Periodicity is commonly employed 
in Large Eddy Simulations, hnt Bisek16 and Dawson17 recently found that periodicity had some adverse influence on 
compression ramp flow simulations, although nothing reserobling the instability observed in the OVERFLOW calcula-
tion. Periodic conditions are assumed to have a minimal impact on the development of the basic flow features as long 
as sufficient spanwise decorrelation occurs within one half of the span wise domain width. Although the hydrodynamic 
features around a slat meet this criteria, acoustic waves, which have much longer wavelengths for the same frequency, 
are often fully correlated across the entire span of a numerical simulation. Therefore, acoustic waves will resemble 
waveguide modes with cut on and cut off behavior that is consistent with the spanwise boundary conditions used in the 
simulations. The acoustic predictions from these simulations are usually obtained from an acoustic analogy where the 
surface pressure is used to drive a source term for a wave equation. 1f the hydrodynamic pressure footprint acts as the 
source, then errors in the acoustics induced by the periodic conditions could he ignored under the assumption that their 
amplitude is relatively small in comparison with the hydrodynamic components. However, the acoustic analogy can also 
be viewed as a filter that removes the hydrodynamic portion of the signal and extends the underlying acoustics. With this 
interpretation, any modification to the near-field acoustics would influence the far-field predictions. Hence, a numerical 
evaluation of the noise from configurations with and without periodic boundary conditions would help to assess whether 
the use of periodicity is appropriate in aeroacoustic simulations. 1b that end, we simulate a relatively large-span model 
(with an aspect ratio that is comparable to that in a typical wind tunnel test) with inviscid wall conditions at the spanwise 
boundaries. Note that this approach does not capture end-wall effects associated with viscous flow dynamics in that 
region. 
II. Computational Simulations 
The numerical study is being performed with the OVERFLOW18 code developed at NASA Ames Research Center. 
A previous simulation" of the 30P/30N high-lift configuration was conducted with OVERFLOW using fifth-order spa-
tial operators for the convective terms and shown to be in good agreement with a second-order, CFL3D19 simulation 
on a refined grid. The spanwise extent was c/9. The OVERFLOW calculation suffered ftom an instability at the fte-
quency corresponding to one acoustic wavelength across the dumain. Enough data was collected before the instability 
overwhelmed the solution, but this difficulty underscores the need for the current investigation. 
The OVERFLOW" calculation uses a fifth-order upwind spatial discretization with the Roe flux scheme for the 
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